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OVERVIEW

• Fixed Service (FS) operations in the 37-40.5 GHz
band are substantial and growing rapidly.

• FS and Fixed Satellite Service (FSS) requirements
must be addressed in a timely fashion.

• Avoid dislocation of present FS implementation
and business plans.

• Create a unified international position.

• Both services seek to serve the same customer
locations.

• Redesign of Fixed Service systems as proposed by
Motorola is not acceptable to FS users, and does not
solve the sharing problem.

• The FSS receive earth stations will create large
dead zones in the FS coverage areas.

• The EIRP density limits of -22dBW are
unacceptable.

• The aggressive application of ATPC is an
unproven technique.

• Band segmentation is the only viable solution.
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TECHNICAL FACTORS (37-40.5 GHz FSS downlink)

• Co-frequency operation requires big separation between FS

terminals and FSS receive stations. Sharing analysis shows:

FS S/L to FSS MIB = 96.5 Km

FS M/B to FSS S/L = 32.5 Km

FS S/L to FSS S/L = 570 M

• Assumptions:

FS e.i.r.p. >20dB below allowable limit of 55dBw

10/No = -13dB

FSS sidelobe follow improved G = 29 - 25 log Q.

• Results in Interservice separation distances (protection zones) far

exceeding average proposed FSS Interservice deployment
objective of 2.62 earth stations per Km2

•

• Motorola proposes a major re-design of FS system. FS system
parameters to operate with:

• e.i.r.p. density limit of -22dBw/MHz

• extensive use of ATPC (40 to 50 dB)

• Proposal is not acceptable to FS users because of unproven,
risky, technical approach and significant adverse impact on:

• performance

• future growth capabilities
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• METHOD OF SHARING PROPOSED BY MOTOROLA IS
NOT ACCEPTABLE TO FIXED SERVICE USERS

(i) e.i.r.p. density limit of -22bBw\MHz is proposed

• This will prevent the introduction of new, spectrally
efficient advanced modulation systems.

• This limit provides a clear sky received C/N -­
14dB. 256 QAM systems require a clear sky C/N -­
32dB.

• Would require FS systems to operate with a small
margin making them more susceptible to adjacent
channel interference and downlink satellite
interference.

(ii) Extensive use of ATPC is proposed (40-50dB) to overcome
rain attenuation.

• Motorola relies on TIA Bulletin TSB10-F data in
support of its proposal. Section 4.3.2. (which
contains most technical information was not discussed
by Motorola, or included in its presentations) clearly
states in its conclusion (Page 4-13) that data presented
only applies to below 12 GHz, and more study is
required for the use of ATPC above 12 GHz.

• No other supporting data is provided.

• The effects of non-correlated rain fades would have a
significant adverse impact on the FS systems as well
as interference into the FSS receive each stations.

• FS users have studied ATPC and have limited ATPC
to between 10 and 15 dB maximum. See TIA
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Bulletin TSBIO-F and NSMA ATPC
Recommendations (Relevant sections attached).

• NSMA "Operational Guidelines on ATPC" require
that ATPC be used in a conservatice manner. Also
Maximum Transmit Power is limited to a short time
period (e.g. 5 minutes). Maximum fading at 40 GHz
can extend over significantly longer time periods.

• Motorola provides no technical information to back
up their proposed unproven method.

(iii) Motorola argues that ATPC as suggested by them can be
introduced with minimum system and manufacturing
problems.

• Contrary to Motorola's claims, ATPC will not make
FS equipment more reliable.

• ATPC will add more components and add failure
points likely to reduce MTBF.

• Required use of ATPC will preclude one-way
operation.

• Use of PIN diodes to implement ATPC also will
require additional filtering, cost and complexity to
avoid generating intermodulation and spurious
interference.
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Attachments:

0024615.01

(1) Annex 1 Chart

(2) TIA Telecommunications System Bulletin
TSB10-F (Section 4.3)

(3) NSMA ATPC Recommendations: Section 1
(Introduction) and Section VI (Operational
Guidelines)
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ANNEX t

USBRA

HUB

Under clear air conditions power to User A & User B ia approximately equal. Sidelobe of the
A link transmitter (FCC Clua A aDteona) is 33 dB down towards User B. If rain causes 30
dB of attention ( and 30 dB of power increase·on Unk A) User B will experience 30 dB more
Interference - the ell at B due to A will go from 33 dB to 3 dB. Clearly the power on the B
link will also need to be increased, whlch will in tum effect links C, D, etc. Rain induced
scattering of power from link A into receiver 8 will further increase the interference level
seen at B.
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consider the overall system noise objectives in parallel with the system reliability (outage) objectives. Most
anaJOi 1iW require significant carrier level increases above threshold scasitivity just to achieve acceptable
baseband signaJ-to-noisc (e.g. >35 dB inacase for 70 dB SIN in the worst message channel in an FM-FDM link).

4.3 Automatic Transmit Power Control in Digital Links

~ IpgoducP°n:

AutaMtic (or Adaptive) Transmit Power Control (ATPC) is a desirable feature ofa digital microwave
radio link that automatically adjusts transmitter output power based on path fadiDa detected at the far-ead
receiver(s). ATPC allows the transmitter to operate at less than maximum power for most of the time. When
fadiDs conditions occur. trmsmit power will be increased as accded. ATPC is useful {or extending the life of
trIDSInittcr components, reducing power consumption, simplifying frequoncy coordination in~ areas,
allowing additional up-fade protection, and (in some radios) iDcteasinS the maximum power output (unproves
system gain).

If the maximum transmit power in a A!PC link is nccdcd for ODly a short period of time, a traDsmit
power less thaD maximum may (ifcertain restrictions are met) be used when interfctcDc:e calcu1aticms are made
into other systems. Many years offading statistics have verified that fading on difi'erent physical paths is non­
c:cxreIIt.od. t.r. the likelihood of two paths in a given area being in • deep fade aDd thus SCDSitive to iDterfi:rcnce
si"11llt.meously is very small. Further. to allow for inevitable deep fadma, microwave paths are desiaaed with
Imtided~-to-noise (CIN) and cmier-to-intedc::ence (CII) ratios much IfCICCr than those requinld for bigh
quaJity path perf'0l'IDIDCe. Since fading is non-eomlated IIDOI1I Paths. a short-term power incn:uc by apath .
experieaciua a cb:p~will DOt rcduo: the CII on other paths to an objectioaable level. .QQ.!..propcrly desipod .....-'_

..I2I!Iaa mel oae not affected by rain 0utaB:. ATPC-equippcd transmitters will be at maximum power for ashott
periodoftimc.~J because the mnimnm powrz is IVIilable wba1 deep fades occur, CFM, tbresbo.Id CIN,
mel CJI calculations into an ATPC link may assume the "Maximum Transmit PoW' rcc:cive carrier level.

ATPC bas been successfully implemented in FCC Part 21 common cmier bands for several years, 1Od,
....FCC ETDock8t92.9, is DOW permitted under Part 94. Curreatly, tbcre are two types ofATPC available.
The "ramping" type inc:reases power dB for dB with a fade areeter tbID a ocnaiD depth. The "stepped" type
iDcreues power in a single step to max.imum powe:r when a fade c=u:eeds a certain depth. Besides sipificatly
Iidiag the bqumcy coordination process, ATPC also provides rcc:civcr up-fadc overload prottJction due to the
bacbd-oft'transmit power UDder normal siguallevcl conditions.

~ me JeCX?",,"smdItism:! for Mency @rtHnatioD

During the coordination process, the ATPC user must clearly state that ATPC will be used. The transmit
powers usociatcd with an ATPC system included on the coordination notice arc defined as Collows:

MaxUnum Traasmit Power 1'hat tnmsmit power that will not be exeee=d at my time. used for CFM md
path reliability (outage) computatioDs, and for calc:u1ating the CIl into an
ATPCsysu:m.

Coardinatcd Transmit Power Tba1 trmsmit~ selected by the ATPC system liceasee IS the power to be
used in calculating intcrfc::ren= levels into victim receivers.

NomiDaJ Trmsmit Power That transmit power at or below the coordinated power at which the system
will operate in normal. unfaded conditions.

4 - JO
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The CoordiDatcd Transmit Power is restricted to a 0 to 10 dB rIDge belOw the Maximum Transmit
Power. The NamiDal Tnmsmit Powa' must be less than or equal to the CoordiDated Transmit Power, with typical
values ranps from 6 to IS dB below the Maximum Transmit Power. The receive level at which the system """I!i.:f--­

either st;ps up or begins to iucrcase (ramp up) the far-end transmit power (depcDdiDg on the type of ATPC) is
referred to IS the ATPC Trigger Level. B=ausc shallow fading cbancteristics are path dependent and
unpredictable, at least a 10 dB fade must occur before the Coordinated Transmit Power is exceeded.

In order to claim a CocrdiDatcd Trausmit Power 1c:ss than the Maximum Transmit Power (ATPC feature
is used), certain restrictions on the time that this power is excooded must be met. Below about 12 Ghz, the .~~­
c:xpcctcd amual time percemages should not c:xcced the limits shown in Figure 4-4 and provided in Table 4-2.
These time pc:rcc::ntages can be calcu1ated by the applicable reliability calculatiODS as shown in Section 4.2.3.
First, the fade depth that causes the transmit power to exceed the Coordinated Tl'IDSDlit Power by a certain
number ofdB must be calculated. This fade depth is then substituted for the CFM in the reliability calculation.
For amnpiDg ATPC system that uses a step increase in transmit power, a sinJle calculation of the time that the
fade depth to the ATPC triger level is exceeded is all that is rcquin:d. For an ATPC system that iD=a.scs
(nmps up the) power in a lmear·dB for dB fashion, ca1cu1ations ofthe time that the Coordinated Transmit Power
is exceeded aDd the time that the Maximum Tnmsmit Power is reached arc sufficient. Future ATPC systemS that
boost ullDSlllit power in some other way mayrequire time percentage calculations for the entire range of transmit
power in excess of the Coordinated Tra:asmit Power.

TIIDSIa1l Power 111 Exceu ofCoonIiDI&ed PoM=r

o;S

~
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Figure 4-4 - Permitted Time Above Coordinated Transmit Power

In dB steps above the selected CoordiDated Tnmsmit Power for rampma-type ATPC systems, the permitted time
~ (and amwa1 transmit power boost times) are shown in the foIlowiDg table. Only one single value (
+6, +10 dB, ~IC.) need be considered in step-type ATPC systems (see examples in Section 4.3.3).
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P_erabaft Permitted Cime
Coorcfinllted (annan

TI'UJIIftIt
Powel'(dB) Pen:eatap Secoads

oCdme Dervear

0.0 0.$0 157..500

1.0 0.33 103.9S0

2.0 0.22 69.300

3.0 0.t5 41,2$0

4.0 0.10 31-'00

S.O 0.07 22,0$0

6.0 0.047 I....OS

1.0 0.032 10,080

1.0 0.021 6,615

9.0 0.014 4,410

10.0 0.010 3.1$0

P.S

TIA TSB IG-F

Table 4-2 - Time Permitted Above the Coordinated TraDslllit Power in an ATPC Link

nm. = 100 ( TiIM 'IOC) "
31.S x 10d (4.3-1)

ATIt~ transmitters tbIt c:Jajm a CoordiDIted TnIIIIEDit PO\Wr less tbIZl the Maxhnum Traasmit
Power must base tnmsmit power iDen:ucs em path fadiDa. ID those cues, iDtarfereaa or error c:ana:tiu&
iDL"'etica aIaao is DOt suf!icic:m for iDc:rcasiDa trIDSmit power, but either or both amy be used as ID IddidCDll
aitaiaa. Fer I)'I&cms with space diversity. ATPC mustbe CCIIImDcd by the SUtJIlFr sigaa1 from the two lDteaDa
I)'IIIm. ID ca1cu1atiDgdie time perea'. above CoardiDIted TI'IDSIDit Power, the space diversity jmprovemeDt
factor may be fOUDd to be less thaD one if the fide depth is small. In tlulso iDstaDces, a space diversity
improvemeat £actor ofone may be assumed (no improvemeDt or penalty from using space diversity).

ATItC-equipped transmitters must DOl be allowed to stay in the Maximum Tnmsmit Power mode for
more tbm lIlY five minute duration. This event should rcsu1t in In alarm CODdiuoa which returns the tnmsmit
powa'to dieNcrmal Trmsmit Power. ATPC should then not be ro-eaablod until a determmatiOD bas beenmade
tbat Ibis toq..ram aaamaIy bas been ccm:c:uld IUd normal operation can be resumed. This criterion will preveDt
a Jaas-tam deIradaricm. such as a down-stream receiver or CClDtr01 chIme{ failure falsely implying a deep fade,
from causing I ttlDsmitter to be in the Maximum Transmit Power mode for an extended period of time.

Iftbc above ratrictioos JR met. intcderc:nc:c calculations from an ATPC system may assume the lower
CocxdiDated Transmit Power level. Interference and eFM calculations into the ra:elVc:r ofan ATPC-equipped
system can dlCIllSSUIDC that the Maximum Transmit Power is in use. Thus, in calculating performance (outage.
etc.) IDd a CII for comparison to the objectives. the ..C" is then based on the Ma,Yimnm Transmit Power.

When • Coordinated Transmit Power less than Maximum Transmit Power is claimed for an ATPC

4 - 12
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system, documcntationtbat the system will meet these recommendations should be supplied during the
coordination process. Because rain fading. obstruction fading. or surface duct fading could cause an ATPC
system to iDcrease power for a much longer time, additional justification for claiming a Coordinated Transmit
Power less than the Maximum Transmit Power may have to be provided for paths with inadequate Clearance or
10Da paths above about 10 GHz.· Paths that do not meet the restrictions may still use A'fPC, but a Coordinated
Transmit Power equal to the Maximmn TJ'IDSIDit Power must be used iD the coordiDation process.

The cumulative yearly time at maximum transmit power and the maximum transmit power single
chnrioa event time offive miDutes may not be appropriate for radios operatiD.g above about 12 GHz due to the
impact ofrain rates and dmation on interferenc:c cases. Further study iD this area is Deeded, -~f---

In ordcrto best reflect ATPC operation in the licensing process, the transmitpower shown in the FCC
Sing should be: the Maximum Transmit Power of the station. The station EIRP corresponding to the Maximum
Transmit Power must meet FCC EIRP requirements.

Note: ATPC is DOtn:c:ommeodcd for usc with analog radios because ofthc Sipl-to-DOise degradation
with the increase in thCrma1 Doise proportional to the normal trmsmittcr back-off.

~ mc time above Coordinated Transmit Power sample calculations

In cxder to best reflect ATPC operatiOll in the liceusiDg process, the transmit power shown in the FCC
_ sbould be the Maximum Tnmsmit Power of the station. The following examples WUSU'UC typical ATPC
computations:

&ampl, I: Ramping-type A.TPC is to b, us,d on a 40/em (25 mile) 6. 7GHz path WIthout
space lIMnity. Th, ATPC trlggerlewl is -55 tlbm. Once this tri"e, lewl is ,.,ached, the
system will increase trmumll power on. dB for ev,ry additional dB oflade. The Nominal
Trfl1lSmitPower olthe e~p1M1lt Is +J4 dBm with a M=mum Transmit P()wIt 01+29 dBm.
AWNgI climate, terraln, andt~ conditions a/st on the path. The path 1$ designed
for a n«tve I,.",~ with Nominal Transmit POWI', 01-43 dBm. The designer wishes to check
ifa Coordinated Transmit POWI't>1+J9 dBm. J0 dB b.low th, MtDdmum Trtznsmlt Power,
t:ll1I be specified under the ,.,commendations:

A lad, tUpth 01 J2 dB from -43 to -55 dBm CQUStS the trigg.r lewl to be reached. An
QddttJt»Jal5 dB olfade boosts the power f1'Om +14 dBm to the +19 dBm Coordinated
Trtmlmit Power. The time rhat the fa. depth uce.ds 12+5-17 dB il computed to be:

-ill}
T • 10 (6.7) (2S)' 10 \10 • 41,716 6ut1NU

or 0.1326 percent olthe time, which meets the O.S percent requirement.

(4.3-2)

An additional 10 dB oflade will cause the transmitter to reach its +29 dBm Mar/mum
Transmit Power. The time that the fade depth exceeds 17+10 =27 dB is computed 10 be:

<4 - 13 .------



•

DEC·09 '96 10:04AM COMML.& GOVERNMENT SYS.DIVISION"1 ,. "

Section 04

P.?

TlA TSB lo..F

T • 2O(6.7)(2S)3 1o·fro) '" 4•178 SllCarult
(4.3-3)

01'0.0/33 percentofthe time. This dou not meet the 1'~'1utnmentofO.OJ percent ofthe time
for J0 dB above the Coordinated Tramm;t Pow,r.

Since th. pt::JMler is allow~d to exceed the Coord/lUlted Transmit Power by as much as 9 dB
for 0.0/4 percent ofthe time, a Coordinated Transmit Power of+20 dBm (9 dB below the
Marimum Transmit Power) may thus be specified

Exqmple 2: ATPC equipment that incr'tlSes power in a single step to Mar/mum Transmit
p~ if to be cons/dend on the non-dtwnitypath in 1M prmous I%Qmple. The Nominal
T1'tznsmJtPow,r is +24 dBmfor a nceiw level 0/.33 dBm. TIre Marlmum Transmtt POWII'

is +30 dBm and the A.TPC trigger level Is J0 dB abOlle the JqJ BER auuzge thnshoJd 0/-74
dBm. The deSigner wants to ch,ck ifa Coordinated Transmit Power equal to the Nominal
Transmit Power can be specified under these rules:

The.A.TPC trigger level Is -64 dBm (l0 dB aboVf the J()'I BER threshold) and alade depth
0131 dBfrom the nominalpower receive level will cause this trigger level to be naMed. '!he
tim, that th,lade depth excseds 31 dB is computed to be:

_(Jl )
Tall) • 20 (6.7)(15)1 10 10 = .I,6&3-.tb (4.3-4)

or 0.ooJ3 perelnt ofthe nme. Since a path is permitrld10 be 6dB above the Coordinated
Trtzn.smitPower (+24 boosttdto +30 dBm) for 0.047pelUnt afthe time, this path metts the

Nfu/"""",,

Ergm," 3: A. nngl,-st,p A.TPC'd tralUminITls consideredfor a 48/em (30 mil 6.7 GHz
IptICe dlventtypath with 9 m (30ft) dish spacing. AWl'lI" climate "l'NIn and t,mperature
contiltltmS tl1"e p,.,sent on the path. Tire Nominal (and Coordtnat,d) Trtm.rmit Power is
+20dBm (+30dBm 1IIJl1i11Al1ll)fora-42 dBm nominalrecetw leveL Tire A.TPC trigger level
is 10 dB abDw the -77 dBm 1q-I BER outal' thre,hold, or -67 dBm.

Tit, ATPC Is thlls triggered with both space diversity re"M1'S jaded from -42 dBm to
-67 dBm. or 25 dB. The time char the fade depths both uceed 25 dB is computed co be:

31110' (30)410 ff)
• 2,700 ICC

30 2
(4.3-5)

or 0.0086~,"nt ofthe time. Since a path Is permined to be 10 dB above the Coordinated
Transmit Pow,,. 0.01% ofthe rime. this space diwrsiry Jlnk meets the requirement.

4 - 14
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AutomaticT~ Ponr Coatntl (ATI'C) Is a r.tun of. _tal micro..... radio
link tIIat adJUitl traaamlttlr output power baed •• tile ftI1IDItlpal le"eI at the
........ ATPC alows tIM er-Jttw to ...... at .. tbaa mulmwa poWII' 101'
IIIOIt of the tlDle; wMa f1IcIIdI ClIadlt.... occur, tn-at power wUI be IaereMecI II
..... uatU tIM muIIIIum Is rwchecI.. All ATPC equipped "._ bu ..".,.,
poteatIal .d...... 0ftI' • ,.... trlDBIt power.,.-a, IDcIudlaa .. tralllmlttel'
power collSUmptloD, leD... ampllfter c:elDpoDeDt Ute, and nducecllDtert..... Into
otbtr micro".". QStem.t.

If the maxlmu.m traIItIIIIt poww III • ATIC .,.... II tOl' 0Dly • Ibort J*'Iod
or time, • tnnMI POW" .., (If _ .. 1ft lIMIt)
be used wh eaIcuIIItIeM IIIto .,..... 011 tIM ....
haDtI, 1".. ..,... II bIe ,._ Ocaal', en
laterfertaCll caIaI 1IIto tile ATPC ., 1IIaJ.__ ·tIIe .......... PI""-

-carrier ...... TIl.., ATPC ....., .".. • aclftatap Ia tIM NIIOlutioa ., low..... IIIt...,....t.ISII wltlloutGllllpraaalee to tile fade ....... ottbe ATPC equipped
syat_.

TbII RIc.-" ...... denali ., awb..... ....,... bow ATPC
...w8I be coarcIIDated, _ ATI'C opentblc p ........,.

,. :'1bt 111 ..............tra_ PO" add tllefllleded
Coord TIBImIt Po..- (dtftDId 1*ew) .. dB.

Tc{J) :1'IM caJcuIItId ..... peraata.. of tImI daat ..ATPC .,...
tn-at PI'"wID'" tile.......CoordlMtldTraallldtPower
by 18.

Tp(J) In. ........ allllUai pilant... of UIDI yarIJ dIat tIM ATPC
"--tn..at ....-.. aUowtd to eelll ........... CoordIDated
Tn_It Pa... (deIIDed below) ...... , dIL Caladated time
~ Tc(J), IIIoaId be 1_ tIau Tp(y) for aU ....0'
tralJlllllt po.....
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